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(54) Out-of-ink sensing system for an ink-jet printer 



(57) An ink jet printer including a replaceable car- 
tridge (110) and a control device (300) in operative com- 
munication with the cartridge. The control device is for 
monitoring a predetermined operating condition of the 
cartridge and providing electronic signals to the car- 



tridge in response to the predetermined operating con- 
dition reaching a threshold level so as to disable the 
cartridge. 
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Description 

This invention relates to preventing unauthorized 
reuse of a printing mechanism after an out of ink condi- 
tion. More particularly, this invention is directed to a 
postage printing apparatus including an ink jet printer 
having an ink jet cartridge wherein the postage printing 
apparatus disables the ink jet cartridge in response to 
an out ol ink condition. 

Ink jet printers are well known in the art. Generally, 
an ink jet printer includes an array of nozzles or orifices, 
a supply of ink, a plurality of ejection elements (typically 
either expanding vapor bubble elements or piezoelectric 
transducer elements) corresponding to the array of noz- 
zles and suitable driver electronics for controlling the 
ejection elements. Typically, the array of nozzles and the 
ejection elements along with their associated compo- 
nents are referred to as a print head. It is the activation 
of the ejection elements which causes drops of ink to be 
expelled from the nozzles. The ink ejected in this man- 
ner forms drops which travel along a flight path until they 
reach a print medium such as a sheet of paper, over- 
head transparency, envelope or the like. Once they 
reach the print medium, the drops dry and collectively 
form a print image. Typically, the ejection elements are 
selectively activated or energized as relative movement 
is provided between the print head and the print 
medium so that a predetermined or desired print image 
is achieved. 

Generally, the array of nozzles, supply of ink, plural- 
ity of ejection elements and driver electronics are pack- 
aged into an ink jet cartridge. In turn, the printer 
includes a carriage assembly for detachably mounting 
the ink jet cartridge thereto. In this manner, a fresh ink 
jet cartridge may be installed when the ink supply of the 
current ink cartridge has been consumed. Some ink jet 
printers provide an indication to the user that the ink 
supply is running low while others do not. In either case, 
the printer continues to operate with the result being 
that the user must recognize when the ink supply is 
exhausted. 

Ink jet printer manufacturers intend for the ink jet 
cartridges to be disposable. That is, the manufacturers 
recommend that the cartridges not be reused for a vari- 
ety of reasons. One reason is that refilling the ink reser- 
voir of the cartridge presents the risk that air will 
penetrate into the ink supply. Air bubbles in the ink lead 
to malfunctions of the printer in that the supply of ink to 
the ejection elements may be interrupted leading to a 
decrease in print quality as the print head misfires. 
Another reason is that refilling the ink reservoir of the 
cartridge presents the risk that an incompatible ink may 
be introduced into the cartridge. Whether bubble jet or 
piezoelectric technology is utilized for the ejection ele- 
ments, the ink formulation is particularly adapted 
thereto. Furthermore, the ink formulation is also particu- 
larly adapted to each manufacturers* print head even if 
the same type of ejection element technology is used. 



An incompatible ink placed into the cartridge leads to 
malfunctions of the printer in that the print head is not 
designed to work with the incompatible ink. Here again, 
a decrease in print quality results. 

5 Still another reason for not reusing cartridges which 
have a bubble jet print head is that the bubble jet print 
head is designed to be replaced. Bubble jet print heads 
operate in a caustic environment due to the repeated 
creation, expansion and contraction of the vapor bubble. 

w Thus, the bubble jet print head only has a limited life. 
Generally, manufacturers design the print head to last 
only so long as the ink supply. In this manner, replacing 
the ink cartridge provides a new supply of ink and a new 
print head. Thus, replenishing the ink cartridge with ink 

15 may lead to a decrease in print quality due to the degra- 
dation of the bubble jet print head. 

Recently, the postage meter industry and other 
envelope printing industries have begun to incorporate 
ink jet printers. A typical postage meter (one example of 

20 a postage printing apparatus) applies evidence of post- 
age, commonly referred to as a postal indicia, to an 
envelope or other mailpiece and accounts for the value 
of the postage dispensed. As is well known, postage 
meters include an ascending register, that stores a run- 

25 ning total of all postage dispensed by the meter, and a 
descending register, that holds the remaining amount of 
postage credited to the meter and that is reduced by the 
amount of postage dispensed during a transaction. 
Because U.S. Postal Service regulations require that 

30 postage be paid in advance, it had traditionally been 
required that the user of a postage meter periodically 
present the meter to a Postal Service employee for 
recharging. However, more recently it is possible to 
recharge a meter remotely using telephone communi- 

35 cations. At the time of recharging, the user paid to the 
Postal Service the amount of postage to be credited to 
the meter and the meter is recharged by increasing the 
setting of the descending register by the amount paid. 
The postage meter generally also includes a control 

40 sum register which provides a check upon the descend- 
ing and ascending registers. The control sum register 
has a running account of the total funds being added 
into the meter. The control sum register must always 
correspond with the summed readings of the ascending 

45 and descending registers. The control sum register is 
the total amount of postage ever put into the machine 
and it is alterable only when adding funds to the meter. 
In this manner, the dispensing of postal funds may be 
accurately tracked and recorded. 

so With the incorporation of ink jet printing, postage 
printing devices now face the same problems associ- 
ated with the reuse of ink jet cartridges as are found in 
general purpose ink jet printers. However, new prob- 
lems also arise due to the inherent nature of printing an 

55 indicia of value. For example, if a general purpose ink jet 
printer runs out of ink while printing a document, then 
the user merely installs a new cartridge and reprints the 
document. On the other hand, if a postage printing 
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device runs out of ink while printing a postal indicia, then 
the user loses money because the postal funds associ- 
ated with that postal indicia cannot be recovered. As 
another example, if some of the ejection elements are 
not operating due to degradation of the ejection ele- 5 
ments from reuse of the cartridge, then the postal indi- 
cia will suffer from reduced print quality, even if 
adequate amounts of ink are present, resulting in a loss 
of optical character recognition (OCR) readability and 
loss of sufficient fluorescence necessary to be detected w 
by a facer/canceller apparatus as a valid postal indicia. 
This will likely result in the mailpiece being returned to 
the sender by the postal authority. Again, the user loses 
money because the postal funds associated with that 
postal indicia cannot be recovered. 15 

Therefore, there is a need for preventing unauthor- 
ized reuse of an ink cartridge after an out of ink condi- 
tion. More particularly, there is a need for a postage 
printing apparatus including an ink jet printer having an 
ink jet cartridge wherein the postage printing apparatus 20 
disables the ink jet cartridge in response to an out of ink 
condition. In this manner, the user does not suffer a loss 
of funds by continuing to operate the postage printing 
apparatus or by reusing the ink cartridge and suffering a 
degradation of print quality. 25 

The present invention provides an apparatus for 
preventing unauthorized reuse of an ink cartridge after 
an out of ink condition. Conventionally, this invention 
may be incorporated into a variety of devices employing 
ink jet printing, such as: a postage meter mailing 30 
machine, a postage meter, a postage printing device or 
a general purpose ink jet printer. 

In accordance with the present invention, there is 
provided an ink jet printer including a replaceable car- 
tridge and a control device in operative communication 35 
with the cartridge. The control device monitors a prede- 
termined operating condition of the cartridge and pro- 
vides electronic signals to the cartridge in response to 
the predetermined operating condition reaching a 
threshold level so as to disable the cartridge. 40 

In accordance with the present invention, a method 
of operating an ink jet printer is provided comprising the 
step(s) of: providing a replaceable cartridge; monitoring 
a predetermined operating condition of the cartridge; 
and providing electronic signals to the cartridge in 45 
response to the predetermined operating condition 
reaching a threshold level so as to disable the cartridge. 

Therefore, it is now apparent that the present inven- 
tion substantially overcomes the disadvantages associ- 
ated with the prior art. Additional advantages of the so 
invention will be set forth in the description which fol- 
lows, and in part will be obvious from the description, or 
may be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
obtained by means of the instrumentalities and combi- 55 
nations particularly pointed out in the appended claims. 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, illus- 



trate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi- 
ments given below, serve to explain the principles of the 
invention. As shown throughout the drawings, like refer- 
ence numerals designate like or corresponding parts. 

Fig. 1 is a simplified schematic of a front elevational 
view of a postage meter mailing machine which incorpo- 
rates the present invention. 

Fig. 2 is a simplified schematic of a perspective 
view of a printer module including a print cartridge in 
accordance with the present invention. 

Fig. 3 is a more detailed schematic of the print car- 
tridge in accordance with the present invention. 

Fig. 4 is a flow chart showing the operation of the 
postage meter mailing machine in accordance with the 
present invention. 

Postage meter mailing machines are well known in 
the art. Generally, postage meter mailing machines are 
readily available from manufacturers such as Pitney 
Bowes Inc. of Stamford, CT. Postage meter mailing 
machines often include a variety of different modules 
which automate the processes of producing mailpieces. 
The typical postage meter mailing machine includes a 
variety of different modules or sub-systems where each 
module performs a different task on the mailpiece, such 
as: singulating (separating the mailpieces one at a time 
from a stack of mailpieces), weighing, moistening/seal- 
ing (wetting and closing the glued flap of an envelope), 
applying evidence of postage, accounting for postage 
used and stacking finished mailpieces. However, the 
exact configuration of each postage meter mailing 
machine is particular to the needs of the user. Custom- 
arily, the postage meter mailing machine also includes a 
transport apparatus which feeds the mailpieces in a 
path of travel through the successive modules of the 
postage meter mailing machine. 

Referring to Fig. 1 , an example of a postage meter 
mailing machine 10 in which the present invention may 
be incorporated is shown. The postage meter mailing 
machine 10 includes a printer module 100, a conveyor 
apparatus 200, a micro control system 300 and a singu- 
lator module 400. Other modules of the postage meter 
mailing machine 10, such as those described above, 
have not been shown for the sake of clarity. The singu- 
lator module 400 receives a stack of envelopes (not 
shown), or other mailpieces such as postcards, folders 
and the like, and separates and feeds them in a seriatim 
fashion (one at a time) in a path of travel as indicated by 
arrow A. Downstream from the path of travel, the con- 
veyor apparatus 200 feeds the envelopes 20 in the path 
of travel along a deck 240 past the printer module 100 
so that a postal indicia can be printed on each envelope 
20. Together, the singulator module 400 and the con- 
veyor module 200 make up a transport apparatus for 
feeding the envelopes 20 through the various modules 
of the postage meter mailing machine 10. 

The singulator module 400 includes a feeder 
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assembly 410 and a retard assembly 430 which work 
cooperatively to separate a batch of envelopes (not 
shown) and feed them one at a time to a pair of take- 
away rollers 450. The feeder assembly 410 includes a 
pair of pulleys 412 having an endless belt 414 extending 
therebetween. The feeder assembly 410 is operatively 
connected to a motor 470 by any suitable drive train 
which causes the endless belt 414 to rotate clockwise 
so as to feed the envelopes in the direction indicated by 
arrow A. The retard assembly 430 includes a pair of pul- 
leys 432 having an endless belt 434 extending therebe- 
tween. The retard assembly 430 is operatively 
connected to any suitable drive means (not shown) 
which causes the endless belt 434 to rotate clockwise 
so as to prevent the upper envelopes in the batch of 
envelopes from reaching the take-away rollers 450. In 
this manner, only the bottom envelope in the stack of 
envelopes advances to the take-away rollers 450. 
Those skilled in the art will recognize that the retard 
assembly 430 may be operatively coupled to the same 
motor as the feeder assembly 410. 

Since the details of the singulator module 400 are 
not necessary for an understanding of the present 
invention, no further description will be provided. How- 
ever, an example of a singulator module suitable for use 
in conjunction with the present invention is described in 
U.S. Patent Number 4,7978,114. entitled REVERSE 
BELT SINGULATING APPARATUS, the disclosure of 
which is specifically incorporated herein by reference. 

The take-away rollers 450 are located adjacent to 
and downstream in the path of travel from the singulator 
module 400. The take-away rollers 450 are operatively 
connected to motor 470 by any suitable drive train (not 
shown). Generally, it is preferable to design the feeder 
assembly drive train and the take-away roller drive train 
so that the take-away rollers 450 operate at a higher 
speed than the feeder assembly 410. Additionally, it is 
also preferable that the take-away rollers 450 have a 
very positive nip so that they dominate control over the 
envelope 20. Consistent with this approach, the nip 
between the feeder assembly 410 and the retard 
assembly 430 is suitably designed to allow some 
degree of slippage. 

The postage meter mailing machine 10 further 
includes a sensor module 500 which is substantially in 
alignment with the nip of take-away rollers 450 for 
detecting the presence of the envelope 20. Preferably, 
the sensor module 500 is of any conventional optical 
type which includes a light emitter 502 and a light detec- 
tor 504. Generally, the light emitter 502 and the light 
detector 504 are located in opposed relationship on 
opposite sides of the path of travel so that the envelope 
20 passes therebetween. By measuring the amount of 
light that the light detector 504 receives, the presence or 
absence of the envelope 20 can be determined. Gener- 
ally, by detecting the lead and trail edges of the enve- 
lope 20, the sensor module 500 provides signals to the 
micro control system 300 which are used to determine 



the length of the envelope 20 and measure the gap 
between successive envelopes 20. 

The conveyor apparatus 200 includes an endless 
belt 210 looped around a drive pulley 220 and an 

s encoder pulley 222 which is located downstream in the 
path of travel from the drive pulley 220 and proximate to 
the printer module 100. The drive pulley 220 and the 
encoder pulley 222 are substantially identical and are 
f ixabiy mounted to respective shafts (not shown) which 

w are in turn rotatively mounted to any suitable structure 
(not shown) such as a frame. The drive pulley 220 is 
operatively connected to a motor 260 by any conven- 
tional means such as intermeshing gears (not shown) or 
a timing belt (not shown) so that when the motor 260 

is rotates in response to signals from the micro control 
system 300, the drive pulley 220 also rotates which in 
turn causes the endless belt 210 to rotate and advance 
the envelope 20 along the path of travel. 

The conveyor apparatus 200 further includes a plu- 

20 rality of idler pulleys 232, a plurality of normal force roll- 
ers 234 and a tensioner pulley 230. The tensioner pulley 
230 is initially spring biased and then locked in place by 
any conventional manner such as a set screw and 
bracket (not shown). This allows for constant and uni- 

25 form tension on the endless belt 2 1 0. In this manner, the 
endless belt 210 will not slip on the drive pulley 220 
when the motor 260 is energized and caused to rotate. 
The idler pulleys 232 are rotatively mounted to any suit- 
able structure (not shown) along the path of travel 

30 between the drive pulley 220 and the encoder pulley 
222. The normal force rollers 234 are located in 
opposed relationship and biased toward the idler pul- 
leys 232. the drive pulley 220 and the encoder pulley 
222, respectively. 

35 As described above, the normal force rollers 234 
work to bias the envelope 20 up against the deck 240. 
This is commonly referred to as top surface registration 
which is beneficial for ink jet printing. Any variation in 
thickness of the envelope 20 is taken up by the def lec- 

40 tion of the normal force rollers 234. Thus, a constant 
space (the distance between the printer module 100 
and the deck 240) is set between the envelope 20 and 
the printer module 100 no matter what the thickness of 
the envelope 20. The constant space is optimally set to 

45 a desired value to achieve quality printing. It is important 
to note that the deck 240 contains suitable openings 
(not shown) for the endless belt 210 and normal force 
rollers 234. 

A more detailed description of the conveyor appara- 
50 tus 200 is found in U.S. Patent Number 5,740.728 enti- 
tled MAILING MACHINE, the disclosure of which is 
specifically incorporated herein by reference. 

Referring to Fig. 2. the printer module 100 includes 
a carriage 120. an ink jet cartridge 110 detachably 
55 mounted to the carriage 120 in any conventional fash- 
ion, a maintenance assembly 130 and an assembly 140 
for repositioning the carriage 120 and the maintenance 
assembly 130 into and out of operative engagement. 
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The maintenance assembly 130 operates to wipe and 
cap the cartridge 1 10 in conventional fashion. The print 
module 100 further includes suitable framework (not 
shown) for supporting the various components of the 
print module 100. 5 

The printer module 100 is used for printing a postal 
indicia on the envelope 20, which travels in the direction 
indicated by the arrow A. The repositioning assembly 
140 includes a pair of rails 142 and 144, respectively, on 
which the carriage 120 rests. A lead screw 146 is driven 10 
by a drive motor 148 and threadingly engages a nut 122 
fixably attached to the carriage 120 in order to translate 
the carriage 120 back and forth along the rails 142 and 
1 44 as indicated by the double sided arrow B. A conven- 
tional encoder system 150 is operatively connected to 15 
the drive motor 148 for providing signals indicative of 
the position of the carriage 120 along the lead screw 
146. The carriage 120 can be stopped at various posi- 
tions along the lead screw 1 46 depending upon whether 
the cartridge 1 1 0 is printing or engaged with the mainte- 20 
nance assembly 130. 

The repositioning assembly 140 further includes 
suitable structure for repositioning the maintenance 
assembly 130. The maintenance assembly 130 travels 
along a track 164 having a camming surface 162 as 25 
indicated by the double sided arrow C. A pin 166 
engages an aperture (not shown) in the maintenance 
assembly 130 to reposition the maintenance assembly 
1 30 along the track 164. The pin 166 is seated in a block 
1 68 which threadingly engages a lead screw 1 70 which 30 
in turn is driven by a drive motor 172. Additionally, a 
conventional encoder system 174 is operatively con- 
nected to the drive motor 1 72 for providing signals indic- 
ative of the position of the maintenance assembly 130 
along the lead screw 170. The maintenance assembly 35 
130 can be stopped at various positions along the lead 
screw 170 depending upon whether the cartridge 1 10 is 
printing or engaged with the maintenance assembly 
130. 

Referring to Fig. 3, a more detailed view of the ink 40 
jet cartridge 110 is shown. The ink jet cartridge 110 
includes an array of nozzles 112, a supply of ink 114 
and a plurality of ejection elements 1 16 connecting the 
array of nozzles 1 12 with ink supply 114, respectively. 
Activation of each of the ejection elements 1 16 is selec- 45 
tively controlled by suitable drive signals provided by the 
print head controller 320 which cause ink 114 to be 
expelled from the array of nozzles 112 in a predeter- 
mined manner. In the preferred embodiment, the plural- 
ity of ejection elements 116 are bubble jet type so 
elements. The ink jet cartridge 1 10 further includes feed 
back devices in the form of a diode 1 18 and a resistor 
119 which provide calibration information to the print 
head controller 320 as to the operating conditions of the 
cartridge 1 1 0. Since the diode 1 1 8 has a known operat- 55 
ing behavior with respect to temperature, by applying a 
known voltage to the diode 1 18 and measuring the cor- 
responding output current, the print head controller 320 



can calculate the ambient temperature. In similar fash- 
ion, by applying a known voltage to the resistor 1 19 and 
measuring the corresponding output current, the print 
head controller 320 can calculate the sensitivity of the 
resistor 1 19 (sometimes referred to as a rank resistor). 
Both the ambient temperature and the resistor sensitiv- 
ity are calibration inputs which are used to optimize the 
drive signals supplied to the ejection elements 116 to 
produce quality printed images. In the preferred embod- 
iment, there is one diode 118 and one resistor 119 
mounted directly to the silicone substrate which com- 
prises the ejection elements 116. Those skilled in the 
art will recognize that each one of the ejection elements 
116 could have its own diode and resistor or that the 
ejection elements 116 could be grouped into functional 
blocks with each block having its own diode and resistor. 

Each cartridge 110 is initially filled with a predeter- 
mined amount of ink 114. Since ink 1 14 is used during 
printing and maintenance operations, the ink 1 1 4 will be 
gradually consumed over time and eventually a new 
cartridge 110 will need to be installed. To keep track of 
the amount of ink 1 14 available, the print head controller 
320 estimates an amount of ink 1 1 4 used during opera- 
tion and subtracts this amount from the initial predeter- 
mined amount to obtain an estimate of an amount of ink 
114 remaining. Any conventional technique for estimat- 
ing ink used, such as counting ink drops, may be 
employed. In this manner, the user can be instructed as 
to when the cartridge 110 should be replaced. In the 
alternative, a system (not shown), such as a thermistor 
in the ink reservoir, can be employed for actively meas- 
uring the amount of remaining ink. 

Referring to Fig. 1 , the singulator module 400, con- 
veyor apparatus 200 and the printer module 100, as 
described above, are under the control of the micro con- 
trol system 300 which may be of any suitable combina- 
tion of microprocessors, firmware and software. The 
micro control system 300 includes a motor controller 
310 which is in operative communication with the 
motors 260 and 470, a print head controller 320 which 
is in operative communication with the printer module 
100, a sensor controller 330 which is in operative com- 
munication with the sensor module 500 and an account- 
ing module 340 for authorizing and accounting for the j 
dispensing of postal funds. The motor controller 310, 
the print head controller 320, the sensor controller 330, 
the accounting module 340 and other various compo- 
nents of the micro control system 300 are all in opera- 
tive communication with each other over suitable 
communication lines. 

With the structure of the postage meter mailing 
machine 10 described as above, the operational char- 
acteristics will now be described. Referring primarily to 
Fig. 4 while referencing the structure of Figs. 1 . 2 and 3. 
a flow chart 600 of the operation of the postage meter 
mailing machine 10 in accordance with the present 
invention is shown. At 602, the postage meter mailing 
machine 10 is in a ready state waiting for the user to 
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feed an envelope 20 or command some other function. 
At 604, the micro control system 300 generates a print 
command in response to the user feeding the envelope 
20 or requesting a tape (not shown). Then, at 606, a 
determination is made as to whether the cartridge 110 
is functional. This involves evaluating the feedback sig- 
nals from the diode 118 and the resistor 1 19 to deter- 
mine if both are within an acceptable range and 
measuring the impedance of each of the ejection ele- 
ments 116 to determine if they are operational. If the 
print head controller 320 recognizes that the feedback 
signals which are outside of the acceptable range, then 
the print head controller 320 will interpret the ink car- 
tridge 1 10 as not functional and not allow any printing to 
take place. If the print head controller 320 recognizes 
that more than a threshold number of the ejection ele- 
ments 1 16 are not operational, then the print head con- 
troller 320 will interpret the ink cartridge 110 as not 
functional and not allow any printing to take place. On 
the other hand, if the feed back signals are within 
acceptable ranges and the number of the ejection ele- 
ments 1 16 that are not operational is below the thresh- 
old number, then the print head controller 320 interprets 
the ink cartridge 1 10 as not functional and calibrates the 
drive signals accordingly for optimum print quality. Thus, 
if, at 606, the cartridge 1 10 is functional, then, at 608, a 
determination is made as to whether the amount of ink 
114 remaining is sufficient to complete the printing 
operation demanded. Because the drive signals neces- 
sary to produce a desired image are known, the amount 
of ink required to produce the desired image is also 
known. Therefore, at 608, the amount of ink required is 
subtracted from the amount of ink remaining 114 to 
determine if the new amount of ink 1 14 remaining is suf- 
ficient (still above a threshold value). In the alternative, 
since the amount of ink required to produce the desired 
image is relatively constant from postal indicia to postal 
indicia, the required amount of ink could be factored into 
the threshold value directly. In this instance, the amount 
of ink remaining need only be compared to the thresh- 
old value. If yes, then, at 610, the postal indicia is 
printed and the corresponding amount of postal funds 
are debited from a descending register (not shown) in 
the accounting module 340. Then, at 612, the estimate 
of the amount of ink used is subtracted from the esti- 
mate of the amount of ink 114 remaining before control 
returns to 602. 

On the other hand, if, at 608, the amount of ink 1 1 4 
remaining is not sufficient, then, at 620, the cartridge 
620 is disabled to prevent further printing. This may be 
accomplished in a variety of ways. First, the print head 
controller 320 can overdrive the diode 1 18 until a failure 
occurs. This can be achieved by applying an over load 
voltage (40 volts) to the diode 118 for a specified 
amount of time (0.5 seconds) to insure that the diode 
118 fails. Alternatively, a more moderate voltage could 
be applied but at a continuous duty cycle to achieve the 
same result Second, the resistor 1 19 can be burnt out 



in similar manner, by applying an over load voltage to 
the resistor 119 until failure is assured. Both of these 
techniques disable the cartridge 1 10 because after the 
diode 1 18 or resistor 1 19, as the case may be, is burnt 
5 out, the print head controller 320 will receive erroneous 
feedback signals which are outside of an acceptable 
range of signals. Thus, the print head controller 320 will 
recognize the cartridge 110 as not functional and not 
allow and printing to occur. Third, the ejection elements 
w 116 can also be burnt out in similar fashion by over driv- 
ing them (over load current, continuous duty cycle, etc.) 
until failure is assured. By measuring the impedance of 
the ejection elements 116, the print head controller 320 
will recognize if the ejection elements 116 are tune- 
rs tional. 

After employing one of the techniques described 
above at 620, the user is instructed to replace the car- 
tridge 1 1 0 at 61 4. Then, at 61 6, a determination is made 
as to whether a new cartridge 1 10 installed by the user 

20 is functional using the same techniques described 
above with respect to 606. If yes, then, at 618, the esti- 
mate of the amount of ink 1 14 remaining is reset to the 
initial amount before control returns to 602. On the other 
hand, if, at 616, the answer is no, then the user is again 

25 prompted at 614 to install a new cartridge 1 10. On the 
other hand, if. at 606, the cartridge is determined to not 
be functional, then control flows to 614 and operation 
proceeds as described above. 

It is important to note that the accuracy of the 

30 printer module 100 or the print head controller 320, 
respectively, in estimating the amount of ink 114 
remaining influences the determination as to whether or 
not the amount of ink 1 14 remaining is sufficient to com- 
plete the printing operation. Since printing must be dis- 

35 abled before the ink 1 1 4 actually runs out to prevent the 
loss of postal funds, some safety factor should be estab- 
lished. That is, if empirical testing or other measures 
show that estimates of the amount of ink 1 14 remaining 
are only accurate to within ±10% of the initial amount of 

40 ink 1 14 originally supplied at manufacture, then a suita- 
ble out of ink condition would be when 85% of the initial 
amount of ink 114 originally supplied at manufacture 
was consumed. This would represent a margin of safety 
of 5%. That is, under worst case conditions, 5% of the 

45 initial amount of ink 1 1 4 originally supplied at manufac- 
ture would still be present when the out of ink condition 
is established. Depending upon the accuracy of the 
amount of ink 1 14 remaining estimates and the amount 
of risk deemed appropriate with different safety factors, 

so a wide variety of threshold values for an out of ink con- 
dition can be established. In any case, the threshold 
value at which the ink cartridge 1 10 is disabled is set to 
an amount of ink which is less than the amount of ink 
which was supplied to the cartridge 1 10 at manufacture. 

55 Base on the above description and the associated 
drawings, it should now be apparent that the present 
invention insures: maintenance of high print quality and 
OCR readability; prevention of loss of postal funds and 



t1 



EP0 881 079 A2 



12 



prevention of unauthorized reuse of cartridges. 

Many features of the preferred embodiment repre- 
sent design choices selected to best expbit the inven- 
tive concept as implemented in a postage meter mailing 
machine. However, those skilled in the art will recognize s 
that various modifications can be made without depart- 
ing from the spirit of the present invention. For example, 
the preferred embodiments are described with respect 
to bubble jet technology, however, those skilled in the art 
will readily be able to adapt the inventive concepts to 10 
piezoelectric technology. 

As another example, the preferred embodiments 
are described with respect to a cartridge which includes 
an ink supply and the print head (ejection elements and 
nozzles) along with other associated components. How- 15 
ever, those skilled in the art will recognize that the inven- 
tive concepts of the present invention can be adapted to 
other configurations of the ink supply and the print head. 
One configuration involves an ink supply contained 
within a replaceable cartridge while the print head is 20 
physically separated from the replaceable cartridge. 
Thus, in this configuration, it is the replaceable cartridge 
which needs to be disabled, not necessarily the print 
head. 

As yet another example, the preferred embodi- 25 
ments are described with respect to those skilled in the 
art will readily be able to adapt the inventive concepts to 
monitor and respond to other conditions which may war- 
rant disabling the cartridge, such as: loss of operation of 
a predetermined number of ejection elements. Various 30 
postal authorities around the world are contemplating 
requiring OCR readability of the postal indicia or bar 
codes places within the postal indicia so that the postal 
authorities may read authentication information con- 
tained within the postal indicia for the purpose of detect- 35 
ing fraudulent postal indicias. Still another requirement 
of various postal authorities is that the postal indicia be 
printed with fluorescent ink so that is may be detected 
by facer/canceller equipment. Thus, loss of operation of 
ejection elements also could result in a loss of postal 40 
funds due to loss of OCR or bar code readability and 
facer/canceller detection if the number of faulty ejection 
elements becomes too high with respect to the total 
number of ejection elements. 

It is important to note that the OCR and bar code 45 
readability of the postal indicia and fluorescence detec- 
tion is dependent upon the ink formulation and the den- 
sity (drops per inch) of the printed postal indicia Since 
the requirements of OCR and bar code readability are 
well known in the art. the specifics details of OCR and so 
bar code readability have been limited to only that which 
is necessary for an understanding of the present inven- 
tion. 

Therefore, the inventive concept in its broader 
aspects is not limited to the specific details of the pre- 55 
ferred embodiments but is defined by the appended 
claims and their equivalents. 



Claims 

1 . An ink jet printer, comprising: 

a replaceable cartridge; 

control means in operative communication with 

the cartridge for: 

monitoring a predetermined operating con- 
dition of the cartridge; and 
providing electronic signals to the cartridge 
in response to the predetermined operat- 
ing condition reaching a threshold level so 
as to disable the cartridge. 

2. The ink jet printer of claim 1 , wherein: 

the predetermined operating condition is an 
amount of ink remaining in the cartridge; and 
the threshold level is set to a value less than an 
amount of ink initially supplied in the cartridge 
at manufacture. 

3. The ink jet printer of claim 2, wherein: 

the control means subtracts an amount of ink 
required to produce a desired image from the 
amount of ink remaining and compares the 
result to the threshold level prior to printing. 

4. The ink jet printer of claim 3, wherein: 

the cartridge includes a plurality of nozzles in 
operative communication with a plurality of 
ejection elements, respectively, for expelling 
ink from the plurality of nozzles; and 
to disable the cartridge, the control means pro- 
vides a plurality of drive signals to the plurality 
of ejection elements, respectively, so as to 
damage the plurality of ejection elements. 

5. The ink jet printer of claim 1 , wherein: 

the cartridge includes a plurality of nozzles in 
operative communication with a plurality of 
ejection elements, respectively, fa expelling 
ink from the plurality of nozzles; 
the predetermined operating condition is a 
functional status of the plurality of ejection ele- 
ments in the cartridge; and 
the threshold level is set to a predetermined 
number of nonfunctional ejection elements 
above which print quality will be reduced to 
such an extent that readability by automated 
processes will be compromised. 

6. The ink jet printer of claim 5, wherein: 
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to disable the cartridge, the control means pro- 
vides a plurality of drive signals to the plurality 
of ejection elements, respectively, so as to 
damage the plurality of ejection elements. 

5 

7. The ink jet printer of claim 1 , wherein: 

the cartridge includes a feedback means, a plu- 
rality of nozzles and a plurality of ejection ele- 
ments in operative communication with the 10 
plurality of nozzles, respectively, for expelling 
ink from the plurality of nozzles, the feedback 
means for providing calibration signals to the 
control means; and 

to disable the cartridge, the control means pro- 15 
vides a drive signal to the feedback means so 
as to damage the feedback means and prevent 
the cartridge from further printing. 

8. The ink jet printer of claim 7, wherein: 20 

the feedback means is a temperature diode or 
a sensitivity resistor. 

9. The ink jet printer of any of the proceeding claims 1 - 25 
8, wherein: 

the ink jet printer is a postage dispensing 
device including an accounting means for stor- 
ing postal funds; and 30 
the threshold value is set so that the risk of loss 
of postal funds due to printing a postal indicia 
lacking of readability by automated processes 
is substantially eliminated. 

35 

10. A method of operating an ink jet printer of claim 1 , 
comprising the step(s) of: 

providing a replaceable cartridge; 
monitoring a predetermined operating condi- 40 
tion of the cartridge; and 
disabling the cartridge by providing electronic 
signals to the cartridge in response to the pre- 
determined operating condition reaching a 
threshold level. 45 

1 1 . The method of claim 10, wherein: 

the predetermined operating condition is an 
amount of ink remaining in the cartridge; and so 
further comprising the step(s) of: 



12. The method of claim 11, further comprising the 
step(s) of: 



subtracting an amount of ink required to pro- 
duce a desired image from the amount of ink 
remaining and comparing the result to the 
threshold level prior to printing. 

13. The method of claim 12, wherein: 

the cartridge includes a plurality of nozzles in 
operative communication with a plurality of 
ejection elements, respectively, for expelling 
ink from the plurality of nozzles; and 
further comprising the step(s) of: 

providing a plurality of drive signals to the 
plurality of ejection elements, respectively, 
so as to damage the plurality of ejection 
elements. 

14. The method of claim 10, wherein: 

the cartridge includes a plurality of nozzles in 
operative communication with a plurality of 
ejection elements, respectively, for expelling 
ink from the plurality of nozzles; 
the predetermined operating condition is a 
functional status of the plurality of ejection ele- 
ments in the cartridge; and 
further comprising the step(s) of: 

setting the threshold level to a predeter- 
mined number of nonfunctional ejection 
elements above which print quality will be 
reduced to such an extent that readability 
by automated processes will be compro- 
mised. 

15. The method of claim 14, further comprising the 
step(s) of: 

providing a plurality of drive signals to the plu- 
rality of ejection elements, respectively, so as 
to damage the plurality of ejection elements to 
disable the cartridge. 

16. The method of claim 10, wherein: 

the cartridge includes a feedback means, a plu- 
rality of nozzles and a plurality of ejection ele- 
ments in operative communication with the 
plurality of nozzles, respectively, for expelling 
ink from the plurality of nozzles, the feedback 
means for providing calibration signals to the 
control means; and 
further comprising the step(s) of: 

providing a drive signal to the feedback 
means so as to damage the feedback 
means and prevent the cartridge from fur- 



setting the threshold level to a value less 
than an amount of ink initially supplied in 
the cartridge at manufacture. 55 
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ther printing. 

17. The method of claim 16, wherein: 

the feedback means is a temperature diode or 5 
a sensitivity resistor. 

18. The method of any of the proceeding claims 10-1 7, 
wherein: 

w 

the ink jet printer is a postage dispensing 
device including an accounting means for stor- 
ing postal funds; and 
further comprising the step(s) of: 

15 

setting the threshold value so that the risk 
of loss of postal funds due to printing a 
postal indicia lacking of readability by auto- 
mated processes is substantially elimi- 
nated. 20 
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tridge in response to the predetermined operating con- 
dition reaching a threshold level so as to disable the 
cartridge. 
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